In this article, silicon is discussed as a possible building block for life within the solar system. Using NASA's definition of life: 'chemical system capable of Darwinian evolution', a narrow description is obtained and analyzed. The possibilities of silicon life are then explored by describing its bonding characteristics, ability to withstand extreme temperatures, and abundance. Titan is investigated as a possible location where silicon-based life would seem possible. Its extremely cold temperatures and lack of liquid water appear to be ideal for silicon-based life to form. After further investigation though, the presence of carbon and rarity of silicon on Titan lead to the planet not being as ideal as first thought. It is also explained that silicon simply does not have the advantages in bonding, chirality, and universal abundance that carbon has. In the end, silicon is ruled out as a possible basis for life in this solar system. Keywords Silicon-based · Silicon-life · Titan · Life-forms There has always been a constant search for life beyond the carbon-based life that we currently know on Earth. The idea that there could be life-forms out there in the solar system that are not based upon carbon molecules has intrigued many scientists over the centuries. The possibility of silicon compounds being a building block for life took hold in the 1890's when Frederic Stanley Kipping experimented with the element and James Emerson Reynolds gave his address to the British Association for the Advancement of Science [1, 2] . The newfound knowledge that silicon had
the ability to form into long chains, stabilize at extreme temperatures, and, in some ways, act rather similarly to carbon, gave scientists tremendous hope that silicon could be one of a number of elemental building blocks of life outside of carbon. Although silicon showed initial promise, as scientists began to reveal more information on the surrounding planets and moons, all observations pointed to silicon not being a base for life in the immediate solar system.
Before determining if there are silicon-based life-forms out there in the solar system, there first needs to be a set definition of 'life' for this discussion. The MerriamWebster Dictionary is one resource that contains many ways to define 'life', but there needs to be only one chosen in order to keep the discussion as narrow as possible. Although 'a principle or force that is considered to underlie the distinctive quality of animate beings' could work for some cases, 'an organismic state characterized by capacity for metabolism, growth, reaction to stimuli, and reproduction' is sufficiently narrow to probably be a better definition for what makes something 'alive' rather than 'life' [3] . In 1994, a group from NASA stated their own definition of life, simply as a 'chemical system capable of Darwinian evolution'. This definition takes into account all possibilities of 'life' even beyond what we conceive as 'life' [4] .
The reason silicon is often projected as a possible element for the basis of life is because it shares several of the same traits and behaviors as carbon. Silicon sits immediately below carbon in Group 14 on the periodic table [1] . This means that silicon has four valence electrons just like carbon, but it also has a larger density. It can attach itself with oxygen, nitrogen, and carbon creating somewhat lengthy molecular chains. Silicon-silicon chains can have both functionalized and non-functionalized side chains, as does carbon-carbon chains [5] . It has also been discovered that pi-conjugated carbon compounds and sigma-conjugated polysilanes have similar electrical characteristics [6] . Silicon is relatively abundant on earth as well with approximately 87 % of the earth's crust being silicon oxide compounds [7] . Silicon compounds can even stand up to intense heat and cold temperatures where carbon compounds would break apart [8] . This makes the idea of silicon-based life seem very likely within the solar system. Although it is plentiful on earth, the chances of it producing life here under the earth's environment and temperatures are not ideal.
There remains one location within the solar system where silicon-based life has looked promising. Titan is the largest moon orbiting Saturn and is extremely cold (∼ 94K). This moon has been thought by scientists to possibly be the best chance for harboring silicon-based life. Titan is radically different from the earth and that would appear to be an improvement when trying to cultivate silicon-based life-forms. Titan does have water but it is frozen solid [6] . This is more hospitable for silicon compounds, other than silicon oxide, which normally separate in the presence of liquids like water due to weak bond strength [5] . There is also no oxygen in the atmosphere, which keeps silicon from reacting instantaneously with any oxygen present in air [6] . Ethane and methane are plentiful all over the surface of Titan and methane just happens to be a good solvent for silicon [6] . If there were to be silicon-based life somewhere in the immediate solar system, it would appear to be on Titan.
Although Titan looks like a more suitable place for silicon to thrive, there are several reasons why silicon-based life would not be possible on Titan. Carbon is a big reason. Carbon is still present on Titan, and carbon still produces stronger bonds than silicon, bond energy of 346 kJ/mol compared to 222 kJ/mol. There is also the fact that silicon is mostly down deep in Titan's core [6] . Regardless of the conditions on Titan, silicon just does not have the advantages that carbon has. Carbon forms very stable bonds with itself, but silicon-silicon bonds are slightly weaker and less stable. Handedness (chirality) is also something that silicon does not do too well. Carbon compounds can have either right or left forms, which make it possible for enzymes to register and process them as is the case with amino acids and proteins. Silicon cannot produce many compounds that exhibit handedness, which is a crucial characteristic of interconnected chains that support life [2] . Silicon molecules are usually achiral, which means they can only exhibit one handedness. Carbon and oxygen pair well together. Carbon dioxide gas is the result when carbon is oxidized. When silicon, which has a powerful attraction to oxygen, is oxidized, it produces a solid. This would be a big barrier to any conceivable idea of respiration [2] . Lastly, silicon is actually pretty rare compared to carbon. The amount of carbon out in space is approximately twenty times greater than that of silicon [9] .
Silicon's advantages are strong, and it continues to be a valuable element on the earth and within the solar system. However, the limited areas where silicon life-forming conditions are even believed to be possible do not make up for silicon's inability to be a better building block for life than carbon [10] . It is believed that silicon may have played an important role in the beginning of life on earth, but it failed to be the basis for life. It is unknown whether scientists might one day find silicon-based life in our solar system. What is known is that it will be in an environment extremely different than our own.
